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ABSTRACT'
This" paper" outlines" a" practical" intervention" aiming" to" collect" the" effects" of" introducing"
flexible" learning" in" engineering" higher" education." The"work" discusses" the" implementation" of"
the" flipped" classroom"method"and" the" threshold" concepts" in" the"Turbomachinery" section"of"
Fluid"Engineering"course"in"the"third/year"of"Mechanical"Engineering"(Bachelor's"degree)"at"the"
Universitat" Politècnica" de" Catalunya." Fluid" Engineering" is" traditionally" one" of" the" hardest"
courses" involving" a" complex" interaction" between" understanding" concepts" and" using" those"
concepts" in" the" solution"of" cases,"which"also" require" the"development"of" a" set"of" skills." This"
case"study"is"centred"in"two"student"cohorts"and"the"research"spans"over"two"consecutive"Fall"
semesters." The" study" is" based" on" sound" pedagogy" to" educational" technologies" in" practice,"
frequent"student/to/instructor"interaction,"academic"results,"statistical"and"survey"analyses."A"
principal" conclusion" is" that" overall" class" performance" is" much" higher" than" for" the" previous"
courses." The" results" indicate" that" learners" gained"understanding" from" semester" to" semester"
and"no"statistical"significance"was"observed"between"group"and"exam"format."Students"were"
satisfied"with"the"level"of"suitability"and"the"degree"of"compliance"of"the"new"implementation"
and" found" it" constructive" in" their" learning" process," an" important" educational" benefit." This"
positive" experience," in" terms" of" benefit/cost" and" outcomes," encourages" to" extent" the"
intervention"without"sacrificing"any"curriculum"syllabus,"but"taking"advantage"and"bringing"the"












in" engineering" education" cannot" remain" immune" to" this" change." In" such" a" sensitive"matter,"
instructors"and"institutions"of"higher"education"may"have"to"go"hand"in"hand.""
The"traditional" lecture,"the"face/to/face"teaching"and"lecturing,"has"been"the"predominant"
mode" of" instruction" since" universities" were" founded" over" a"millennium" ago." The" traditional"
lecturing"approach"is"less"efficient"and"gets"worse"learning"outcomes"than"the"active"learning"










At" the" end" of" the" 90s" and" beginning" of" the" 21st" century," several" methodologies" were"
developed" to" transmit" and" provide" the" information" to" be" learned" outside" the" class" and" to"
encourage" their" previous" study" by" the" students" so" that" the" class" time" could" be" devoted" to"
active" learning" activities." Since" then," there" is" increasing" interest" in" research" into" class/based"





• web" facilitated" course:" 1–29%" online," web/based" technology" to" facilitate" what" is
essentially"a"face/to/face"course









A" threshold" concept" represents" a" milestone" without" which" the" learner" cannot" progress"
within"a"particular"discipline."A"threshold"concept"is"more"than"'I"get" it!'"moment"since"it" is"a"
breakpoint"that"irreversibly"transforms"the"learner."Once"a"threshold"concept"is"achieved,"the"
learner" is" taken" to"a"new"domain"where"a"novel" and"previously" inaccessible"way"of" thinking"
about"a"matter"lasts"for"a"meaningful"period"of"time."In"comparison,"a"core"concept"is"rooted"in"
established" knowledge" [4]" and" a" concept" inventory" is" designed" to" determine" the" degree" to"










century" [7]." However," the" breakpoint" of" the" inverted" teaching" to" the" flipped" classroom"
approach"is"the"work"of"Bergmann"and"Sams"[8]."Fruit"of"their"friendship"in"2004"and"common"
educational" concerns," these" two" high" school" chemistry" teachers" began" video/taping" their"
lectures" in" 2006" to" help" learners" catch" up" when" missing" classes" due" to" illness" or" sporting"
events."They"posted"the"videos"in"an"open"educative"resource"and"the"miracle"happened:"the"
students"watched"the"videos"before"class."Consequently,"since"it"was"not"necessary"to"dedicate"
class" time" to" long" explanations," the" students" finished" the" problems" in" class" in" a" short" time"
(obviously,"with"some"invaluable"small"help"from"the"teachers)."The"students'"grades"improved"
significantly" and" teachers" and" students" from" all" over" the"world" began" to" send" them" emails"
thanking"for"the"videos.""




The" flipped" classroom" state/of/the/art" can" be" understood" by" the" reviews" and" literature"
surveys" carried" out" by" researchers" in" the" past" five" years." These" inclusive" surveys" help" to"
comprehend" the" current" flipped" classroom" research"and"provide"a" starting"point"prior" going"
into"practice."Hence," the" flipped" classroom"can"be"defined"as" an"educational" technique" that"
consists" of" two" parts:" interactive" group" learning" activities" inside" the" classroom" (in/class"
activities)," and" direct" computer/based" individual" instruction" outside" the" classroom" (out/of/
class" activities)" [9]." Several" common" points" can" be" extracted" and" collected" as" follows" as" a"
scoping"view:"




• Video" instruction" in"and"of" itself"does"not"appear"responsible" for"changes" in" learning"
performance," but" may" provide" additional" time" for" in/class" activities" that" enhance"
learning" performance" due" to" active" learning" [11]." Then," direct" computer/based"
individual" instruction" outside" the" classroom" ought" to" be" complemented" with" other"
assignments."
• Other" learning" activities" common" in" the" flipped" classroom" differ" both" in" their"
effectiveness"and"in"the"conditions"necessary"for"enhancing"learning"performance"[11]."
• In" general," student" perceptions" are" relatively" consistent:" opinions" tended" to" be"
positive,"but"there"are"invariably"a"few"students"who"strongly"disliked"the"change"[9]."





• There" is"much" indirect"evidence"emerging"of" improved"academic"performance"and"a"
scarcity" of" conclusive" evidences" [10]." In" 2018,"Akçayır" and"Akçayır" in" their" review"of"
advantages"and"challenges"of"the"flipped"classroom"stated"that"more"than"half"of"the"
studies" reported" that"using" the" flipped"model" improves" the" learning"performance"of"







After" reviewing" the" literature" of" flipped" learning" and" weighing" its" pros" and" cons," the"
authors" of" this" presented" study" saw" and" believed" in" the" potential" of" this" approach" to"
overcome"and"improve"our"teaching.""
1.4.#Flipped#classroom#in#STEM#and#Fluid#Mechanics#
The" flipped" classroom," or" inverted" classroom," has" been" increasingly" gaining" ground" in"
higher" education" but" receiving" less" attention" in" engineering" subjects" [14]." Fortunately," this"







education" pointed" out" five" important" characteristics" preferred" by" the" students:" clarity,"
flexibility," opportunities" for" application," timely" guidance" and" feedback," and" cognitive"
engagement"[17]."
The"experience"of"traditional"teaching"in"core"engineering"subjects,"such"as"Fluid"Mechanics,"
showed" that" the" students" tended" to" under/perform" and" a" poor" overall" performance" [18]."
Moreover,"Fluid"Mechanics" is"one"of"the"more"disliked"courses" in"the"engineering"curriculum"
due"to"the"difficulty"of"the"material"[19]"with"the"common"large/enrolment"in"Fluid"Mechanics"
courses," as" a" supplementary" complexity" to" add" [20]." In" fact," “Mechanics”" and" “Fluids”" are"
familiar"concepts"for"any"newly"enrolled"engineering"student."However,"when"combined" into"
the"term"“Fluid"Mechanics”,"students"are"initially"thrust"into"an"unfamiliar"subject"[21]."If"the"
key" concepts" involving" this" unfamiliar" subject" are" not" effectively" learned" and" the"
misconceptions" are" not" corrected" at" an" early" stage," then" students" find" it" difficult" to" be"
successful" in" this" subject" [22]." Webster," Majerich" and" Madden" implemented" the" flipped"
classroom"for"an"undergraduate"course"in"Fluid"Mechanics"and"the"effects"in"terms"of"a"post/
concept"inventory"were"highly"significant"[23]."
Subsequently," it" was" reasonable" the" increasing" interest" in" research" into" class/based"
experiences" in" Fluid" Mechanics" that" might" enhance" learning" and" engagement," such" as" the"
Blended"Learning,"Peer"Instruction"and"the"Flipped"Classroom."
Despite" several" examples" of" flipped" classroom" model" interventions" be" not" up" to"
expectations" [24]" [22]" and" a" significant" negative" impact" on" homework" performance" [25]," it"
should" also" be" pointed" out" that" there" are" other" examples" of" successfully" flipping" a" Fluid"
5"
"
Mechanics" course," the"majority" of"which" are" very"positive" and"which" contribute" to" enhance"
outcomes"[23]"[26]"[27]."
Fluid"Engineering"is"traditionally"one"of"the"hardest"courses"for"any"Mechanical"Engineering"
student." It" involves" a" complex" interaction" between" understanding" concepts" and" using" those"
concepts" in" the"solution"of"cases,"which"also" require" the"development"of"a" set"of" skills."As"a"





School" of" Industrial," Aerospace" and" Audiovisual" Engineering" of" Terrassa" (ESEIAAT)" of" the"
Universitat"Politècnica"de"Catalunya."
Students"demonstrate" in"the"different"evaluation"methods"of"the"Turbomachinery"section"
that" they" are" vaguely" acquiring" the" ability" to" apply" the" fundamentals" to" the" course/learning"










This" paper"will" be"useful" for" those" researchers" interested" in" applying"new"experiences" in"
flipped" classroom" based" on" sound" pedagogy," frequent" student/to/instructor" interaction,"





ECTS" credits" and" the" knowledge" to" acquire," exhibited" warning" symptoms" that" advised" of" a"
need"to"introduce"a"new"methodology,"an"active"learning"methodology.""
Regarding" to" the"previous" format"of" this" first" section"of" the" subject," traditional" lecturing,"
the"symptoms"are"detected"when"during"the"session"it"is"perceived"that"a"part"of"the"audience"
can" lose" interest"and"disconnect" from" it."The"course"evaluations"and"surveys" indicated" some"
students"felt"that"lectures"were"primarily"covering"material"by"using"the"instructors’"slides"on"
the" overhead" projector" and" blackboard" contents," and" they" preferred" to" be" able" to"work" on"
problems"during"the"class"period"instead"[25]."
Regarding" to" student" body," there" is" a" wide" diversity" (different" age," background" levels,"
students"returning"to"school"after"a"long"break"period,"part"and"full/time"workers,"etc.)"making"








and" it" takes" 6" ECTS" credits." The" course" of" this" subject" is" exclusively" programmed" in" the" Fall"
semester."The"subject"is"divided"into"two"immiscible"sections"based"on"the"working"fluid:"first"
section," water," and" second" section," oil." Each" section" has" its" own" instructor" and" they" act"
individually"and"independently."The"course"typically"has"75–100"students"and"is"taught"once"a"
week"for"two"hours"of"lecture"and"one"hour"of"problem/based"session."These"formats"do"limit"
frequent" student/to/instructor" interaction"and" rather" focuses"on" the"delivery"of" content" to"a"
large"number"of"students."
The" intervention" in" this" study"only" involves" the" first" section," in"which" the"working" fluid" is"
water." Hence," the" first" section" is" programmed" in" the" first" two/month" period" of" the" Fall"
semester" and" encompasses" 6" sessions" in" total." The" course" covers" Fluid" Mechanics" of"
Turbomachinery"describing"machines"that"transfer"energy"between"a"rotor"and"a"fluid"(water),"
and" other" material" such" as" velocity" triangle/diagram," Euler's" equation," pump" head" and"
efficiency," dimensional" analysis" and" similitude," dimensionless" numbers" and" coefficients," and"





of" class" time" each" Friday" evening." Students" listen" to" the" traditional" face/to/face" lecture,"
blackboard" contents" and" the" instructors’" slides" on" the" overhead" projector." Even" with"
significant" effort" to" encourage" participation" and" discussion," students" mostly" act" passively."








The" intervention" in" this" study" is" concentrated" in" the" last" session" in" the" Turbomachinery"
section"of"Fluid"Engineering."Then,"the"identification"of"the"threshold"concepts"and"the"flipped"
classroom"was"performed"to"the"Control"Valves"lecture,"the"last"lecture"of"the"syllabus"of"this"
section." Figure" 1" shows" the" mind" map" of" the" Turbomachinery" section" and" the" lecture" of"
intervention."
The"intervention"is"planned"to"put"into"practice"in"15"days"with"a"total"scheduled"timing"of"














The" instructor" explored" the" process" to" push" out" the" threshold" concepts" in" the" Control"
Valves" lecture." The" labels" of" these" two" threshold" concepts" (the" signifier)" are" well/known"






In/class" scheduled" timing:" 30"minutes" programmed" at" the" end" of" previous" lecture" to" the"
Control"Valves"flipped"lecture.""
(II)"Pre/class"activities"by"the"students:"out/of/class"tasks"









different" types" of" control" valves." Links" to" the" online" video" lectures" that" the" students" were"
expected" to" watch" in" advance" of" that" session" were" available" on" servers" at" Universitat"







Activity" specification:" The" format" and"methodology" employed" in" the" out/of/class" content"
delivery"in"the"flipped"classroom"model"is"more"than"video"contents"and"this"study"includes,"as"
a"direct"computer/based"individual"instruction,"reading"assessments"as"an"out/of/class"activity."
Assigning"reading"outside"of"class" is"not" just"for"afterwards"having"discussions" in"class,"which"
could"be"tempting"to"students"to"not"complete"it."In"the"Turbomachinery"section"is"important"
this" reading" activities," and" then," to" ensure" the" students" complete" the" assignment," direct"
computer/based" individual" test" out/of/class" is" planned." The" readings" assessments" are" open"































knowledge."Students" scanned"and"provided" the"handwritten" resolution" in" the"corresponding"






Activity" specification:" The" student" compared" and" contrasted" to" self/evaluation" the" own"
handwritten" resolution" to" the" instructor’s" handwritten" solution." Response" to" this"
questionnaire"was"voluntary,"no"mark"was"allocated"for"the"completion"of"this"task"and"a"brief"







- Explanation:" The" explanation" of" the" resolution" is" comparable" to" the" instructor's"
solution."











- Scoring" 100%:" Perfect!" You" have" completed" the" task" with" the" maximum" learning"
outcomes."Congratulation,"go"on!"
- Scoring" up" to" 60%:" You" have" not" completed" this" task" with" all" the" indispensable"
guarantees"and" learning"outcomes." I" recommend"you" to" carry" it"out"again"and"work"
the"concepts"thoroughly."






the" instructor"to"give" 'just/in/time"feedback'" in"the" in/class"activities"of" the"flipped"classroom"









Bloom’s" Taxonomy:" Understand." Awareness" of" one’s" own" cognition" of" the" threshold"
concept"and"knowledge"its"accomplishment"for"a"meaningful"period"of"time."









Activity" specification:" Students" were" provided" with" a" brief" discussion" on" the" problem/





Bloom’s" Taxonomy:" Apply." Choose" the" correct" answer" and" respond" to" frequently" asked"
concepts," use"problem/solving" techniques," utilize" the" formulation"and" solve" related"problem"
statements."
Activity" specification:" The" design" goal" was" to" have" the" students" (in" pairs)" spend" all" this"
specific" time" in" class" hands/on" activities" engaged" in" pairs" in" deliberate" practice" at" “thinking"
engineeringlly”." This" test" involves" an" element" of" camaraderie" with" a" previously" chosen"
classmate."The"test"is"the"same"for"all"students"and"is"answered"in"pairs"in"the"class"time"and"
consists"of" eight"multiple/choice"questions"with" five" choices" that" address"both" concepts" and"






Activity"specification:"The" instructor"provided"critical"“just/in/time"tutoring”"during" the" in/





Activity" specification:" The" instructor" delivered" a" questionnaire" document" to" be" filled" by"
hand" to" gain" immediate," 'express'," student" feedback" regarding" format," design," difficulty,"
satisfaction,"etc.,"of"the"flipped"classroom"intervention."The"instructor"ad/hoc"elaborated"this"















The"data"are" representing" two" student" cohorts," two"different" groups"of" students" in"2018"









QU_VA:" this" acronym" stands" for" the" score" obtained" in" the" “III.3." Concept+ and+ problem"




EX_VA:" this"acronym"stands" for" the"score"obtained" in" the"problem/solving"exercise" in" the"
Turbomachinery"section"final"examination."The"weight"of"this"exercise"in"the"final"examination"
is"25%"and" it" is"based"on"the"“II.5.+Problem"solving+exercise+out"of"class“"and"“III.2.+Problem"
solving+ exercise+ resolution+ on+ the+ blackboard“," both" strictly" related" to" the" Control" Valves"
lecture."
EX_MH:" this" acronym" stands" for" the" score" obtained" in" the" Turbomachinery" section" final"
examination,"and"consequently,"the"maximum"total"score"is"100%."
The" score" range" in" all" formats" and" types" (test," exercise" and" final" examination)" is" from" 0"
(minimum" score)" to" 10" (maximum" score)." To" keep" the" data" comparable," test," exercise" and"
examination"administered"were"identical"and"with"a"similar"level"for"both"groups."
3.2.#Participants#and#students’#performance#
The"number"of"students"participating" in" the"test"of"each"group"was"74" (91%,"QU_VA_1Q/









Table' 1." Comparison" strictly" related" to" the" Control" Valves" section" of" test," in/class" activity" flipped"
classroom"session,"and"exercise,"problem" in" the" final"examination."Reported"values"are" [participation]"
mean"(standard"deviation)."
" 1Q/1819"group" 1Q/1920"group" p/value"
(1Q/1819"vs."1Q/1920)"
QU_VA"test" [74]""8.4"(1.71)" [86]""9.9"(0.36)" <"0.001*"









1920," the" same" as" the" EX_VA" exercise." This" result" indicated" that" students" in" both" test" and"
exercise" gained" understanding" of" Control" Valve" concepts" from" semester" to" semester" and"
interpreted"as"a" favorable"tendency."With"regard"to"QU_VA"and"EX_VA,"for"both"groups,"the"
values"of"standard"deviation"disclosed"the"type"of"assessment"and"scoring"between"multiple/
choice" test" and" problem/solving" exercise." It" is" significant" the" mean" score" and" standard"
deviation"in"the"QU_VA"test"of"the"second"group,"showing"a"great"performance"of"the"students."
‘In"pairs’"and"‘on"your"own’"resolutions"in"test"and"exercise,"respectively,"are"also"highlighted."
The"mean" score" on" the" final" examination"was" slightly" higher" among" the" students" in" the"
second" group" (EX_MH_1Q1920:" [88]" 5.9" (1.91);" [participation]" mean" (standard" deviation))"
14"
"
compared" to" the" students" in" the" first" group" (EX_MH_1Q1819:" [79]" 5.3(2.21))," although" this"




groups." The" correlation" approach" was" used" to" control" for" relation" between" the" exercises"
exclusively" based" on" Control" Valves" as" independent" variable" of" the" final" examination"







































(level"of"knowledge)"of"how' to' complete" (what"have" to"be"done"and"how,"





















5."Rank"on"a" scale"of"0−10" (0:"min"−" 10:"max)" the"degree' of' quality' of'















The" number" of" responses" in" each" group"was" 74" (91%," 1Q/1819)" and" 86" (94%," 1Q/1920)"
showing" representativeness." The" number" of" students" being" knowledgeable" of" the" flipped"
classroom"before" the" instructors’"proposal" is" surprisingly" low" in"both"groups,"14%" (1Q/1819)"
and" 13%" (1Q/1920)." The" number" of" students" who" failed" the" subject" from" the" previous" Fall"










Flipped"Classroom"intervention" for"both"groups." In"addition," it"could"be"conjectured"that" the"
format" and" methodology" employed" in" the" out/of/class" content" delivery" in" the" flipped"
classroom"model"have"a"limited"impact"in"the"overall"student"learning,"as"it"was"demonstrated"
in" the"work" of" Jensen" et" al." [32]." The" investigation"was" run"with" three" instructors" collecting"
data" from" 657" undergraduate" students" at" two" institutions" (private" and" public)" using" three"
different"methods"of"out/of/class"content"delivery:" interactive" tutorials" (posed"questions"and"
solicited"feedback"from"students);"video"lectures"(the"same"material"but"presented"by"one"of"
the"instructors"in"a"video"format"with"no"interaction"by"students);"and"textbook/style"readings"
(the" same" material" but" written" in" the" form" of" a" textbook" passage" with" no" interaction" by"
students)." However," the" most" important" finding" was" that," despite" the" inequality" in"
preparedness" to"effectively" learn" from"out/of/class" activities," both" institutions"demonstrated"
equivalent" learning" gains" after" by" the" final" assessment"which" reinforces" the"effectiveness"of"
the"student/centred"approach"of"the"flipped"classroom"model."
A" surprising"outcome"was" that" the"video" lectures"appeared" to"offer"a" small"advantage" to"
overall"student"learning."Nevertheless,"the"instructor"could"improve"the"specific"format"of"the"




well"as" the" flipped"classroom"session."Several" students"made"similar"global" comments"about"
the"flipped"format"as"(translation"from"originally"Spanish"into"English):"
“The"subject"is"complex"and"learning"is"more"difficult,"so"this"new"tool" is"very"











The" Student" Evaluation" of" Educational" Quality" (SEEQ)" questionnaire" is" one" of" the" most"
thoroughly" developed" and"widely" used" student" feedback"questionnaire" [33]." The" SEEQ" is" an"
instrument"which"allows"to"analyze"the"efficiency"of"teaching"using"nine"dimensions"or" items"
to"produce"a"single"score"as"an"overall" indicator"of"educational"quality:"Learning,"Enthusiasm,"
Organization,"Group" interaction," Individual" rapport," Breadth," Examinations,"Assignments" and"

































































































































































































rapport’." It" can" be" seen" from" Table" 3" that" item" scores" gradually" grow" from" the" first" Fall"
semester" 13/14" up" to" the" last" two" Fall" semesters" 18/19" and" 19/20," in" which" the" Flipped"
Classroom" intervention"occurred."Unfortunately,"within" the"extent"of" the"current"data" set"of"
seven"semesters,"it"is"quite"difficult"to"find"any"specific"reason"to"explain"the"success"or"failure"
of" Flipped" Classroom" approach." A" reason" could" be" found" in" the" duration" of" the" treatment,"




This" paper" presents" a" post" hoc" analysis" of" a" student/centred" approach" based" on" Flipped"
Classroom"intervention"linked"to"Threshold"Concepts"in"the"Turbomachinery"section"of"a"Fluid"
Engineering" course" in" the"Universitat" Politècnica" de" Catalunya." This" case" study" is" centred" in"
two" student" cohorts" and" the" research" spans" over" two" consecutive" Fall" semesters," 2018" and"
2019." The" flipped" model" was" applied" to" the" Control" Valves" lecture," the" last" lecture" of" the"
syllabus"of"this"section,"which"before"this"intervention"was"regarded"as"high"difficult"contents."
Overall" class" performance" in" the" final" examination" at" the" end" of" the" Turbomachinery"
section" is"much" higher" than" for" the" previous" Fall" semester." The" same" tendency" is" observed"
with"the"Flipped"Classroom"assessed"activities:"test"and"exercise.""These"activities"significantly"
correlate"with" the" overall" final" examination" score." This" result" indicates" that" learners" gained"
understanding"the"core"concepts"of"Control"Valves"from"semester"to"semester,"a"satisfactory"
trend." In"addition,"no" statistical" significance" is"observed"between"groups"as"well" as"between"
type/format.""
Students"are"satisfied"with"the"level"of"suitability"and"the"degree"of"compliance"of"the"new"
implementation" and" found" it" constructive" in" their" learning" process." The" quality" of"materials"
and"homogeneity"of"guidelines"to"accomplish"the"pre/class"activities"of"the"Flipped"Classroom"
intervention" are" positively" valued" in" both" groups." The" student" attendance," achievement,"
engagement," and" reported" satisfaction" in" both" groups" reinforce" the" effectiveness" of" the"
student/centered" approach" of" the" flipped" classroom"model." A" surprise" outcome" is" the" low"
number" of" students" in" both" cohorts" being" knowledgeable" of" the" flipped" model" before" the"
instructors’"proposal."
With"regard"to"the"SEEQ"questionnaire,"the"results"are"really"positive."All"item"scores"gently"
grow" from" the" first" to" the" seventh" Fall" semester." Disappointingly," the" explanation" of" the"
success"or"failure"of"Flipped"Classroom"approach"is"disguised"by"two"facts:"first,"the"duration"of"
the" intervention" and" second," the" topics" on" the" previous" lectures" were" still" taught" with"






effectiveness" of" the" execution." More" research" is" needed," also" because" the" inexperienced"
instructor" has" gained" knowledge" through" the" implementation." Another" aspect" that" needs"







Finally," the" Flipped" Classroom" intervention" revealed" an" excellent" ratio" benefit/cost." The"
cost" in" terms" of" instructor’s" time" and" materials" preparation" necessary" to" carry" out" the"
intervention"was"worth" and" balanced."With" regard" to" students’" point" of" view," both" cohorts"
gave"high"positive"outcomes." The"planning" scheduling" all" in/and"out/of/class" activities"of" the"






Flipped"Classroom" intervention" to"more" than"one"session" to"cover"whole"section" in" the"next"
semesters.""
A" concept" inventory" approach" in" Fluids" Engineering" in" Turbomachinery" section" will" be"
designed"as"complementary" instrument" to" threshold"concepts"development."Future"research"
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